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Symptomatology, molecular weight of coat protein (CP) determ ination and 
purification procedure for citrus tristeza virus (CTV) antigen were studied to 
generate monospecific polyclonal antiserum. Results of survey indicated 
that elY was found to attack citrus varieties such as C. grandis, C. 
aurantifolia, C. reticulata, C. hystrix, C. nobilis and C. sinensis with variable 
symptoms and degrees of severity. Virus complex varied among citrus 
varieties and cultivars, and there were four important sub isolates found, 
namely mandarin stem pitting, orange stem pitting, pomelo small fru it, and 
pomelo mild isolate. 
In partial purification step, antigen was concentrated by polyethylene glycol 
(PEG) precipitation followed by low speed centrifugation. Semi purified 
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antigen was then finally purified by sodium dodecyl sulphate polyacrylamide 
gel electrophoresis (SOS-PAGE). A major protein  band containing CP was 
excised and eluted using elution buffer containing 0.25 M Tris-HCI pH 6.8 + 
0. 1 % SOS. With a starting material consisting of 50-gram bark tissue of 
semi dormant flush, 750 J.lg of eluted CP as monospecific antigen was 
obtained. The use of PEG and NaCI for virus precipitation combined with low 
speed centrifugation in semi purification step, then followed by 
electrophoresed of semi purified virus preparation in final purification step 
effectively minimized virus losses during purification processes and 
minimized possible contamination of plant components in the final 
immunogen. 
Monospecific polyclonal antiserum against citrus tristeza virus was 
generated using the viral CPo Upon SOS-PAGE of local CTV isolate 
designated as UPMrr002, two protein bands specific for CTV with 
molecular weight of 25 kOa and 33 kOa were obtained. The major band 
with molecular weight of 25 kOa that reacted strongly with commercial 
polyclonal antibody in double antibody sandwich enzyme-linked 
immunosorbent assay (OAS-ELlSA), was used as the antigen for injection 
into female White Leghorn chicken. 
Chicken immunoglobulin recovered from immature egg reacted strongly 
with semi purified CTV up to 1 :4096 di lutions in microprecipitine test. I n  
DAS-ELlSA, using sap of infected plant, the sensitivity of coating 
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immunoglobulin and enzyme conjugate were 1: 1,000 and 1 :500 di lutions 
respectively. Immunoglobulin reacted specifically with CTV isolate and 
gave no background reaction to healthy plant sap. The simplicity of the 
procedure makes it economically acceptable and technically adoptable 
because the antigen can be prepared with l imited chemical and equipment. 
This study is the first reporting antiserum production from CTV-CP using 
local CTV isolate from Peninsular Malaysia. 
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Pengenalpastian simptom, penentuan berat molekul kod protein dan kaedah 
penulenan untuk antigen citrus tristeza virus (CTV) telah dikaji untuk 
menghasilkan antiserum poliklonal monospesifik menggunakan isolat eTV 
setempat. Hasil survei menunjukkan bahwa CTV dijumpai menyerang varieti 
limau seperti C. grandis, C. aurantifo/ia, C. reticulata, C. hystrix, C. nobilis 
dan C. sinensis dengan simptom berbeza dan berbagai tingkat keparahan. 
Kompleks virus berbeza diantara varieti dan kultivar dan terdapat empat 
subisolat penting iaitu 'mandarin stem pitting', 'orange stem pitting', 'pomelo 
small fruit' dan 'pomelo mild isolat'. 
Pad a peringkat awal penulenan , antigen dipekatkan dengan menggunakan 
kaedah presipitasi polyethylene glycol (PEG) diikuti dengan pengemparan 
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berkuasa rendah. Antigen sem i  tulen selanjutnya d itulenkan dengan 
kaedah dodecyl sulphate polyacrylamide gel electrophoresis (SOS-PAGE). 
Jalur utama protein yang mengandungi CP d ipotong dan d itulen 
menggunakan 'elution buffer' yang mengandungi 0 .25 M Tris-HCI pH 6.8 + 
0. 1 % SOS. Bahan awal seberat 50 9 tisu kul it batang yang d iperolehi 
daripada pucuk semi dorman be�aya menghasilkan 750 ug CP CTV 
sebagai antigen monospesifik. Penggunaan PEG dan NaCI untuk 
presipitasi virus yang d ipadukan dengan pengemparan berkuasa rendah 
pada step semi penulenan, yang di ikuti dengan elektroforesis daripada 
virus semi tulen pada step penulenan akhir, sangat berkesan untuk 
meminimunkan kehi langan virus semasa proses penulenan dan 
meminimumkan kehadiran bahan-bahan kontaminasi daripada komponen 
tumbuhan pada hasil akhir penulenan. 
Antiserum poliklonal yang spesifik terhadap CTV telah berjaya dihasil 
menggunakan viral CPo Oengan menggunakan isolat CTV setempat 
UPMrf002, melalui analisis SOS-PAGE, dua jaluran yang mempunyai 
berat molekul 25-kOa dan 33-kOa dan spesifik terhadap CTV telah 
d ihasilkan. Jaluran tebal yang berat molekulnya 25-kOa dan bertindakbalas 
kuat dengan antiserum komersial ketika diuji dengan double antibody 
sandwich enzyme-linked immunosorbent assay (OAS-ELlSA), digunakan 
sebagai antigen untuk tujuan imunisasi pada ayam telur jenis White 
Leghorn. 
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Immunoglobulin yang d itulenkan daripada telur belum sempurna 
berinteraksi kuat dengan CTV semi tulen sehingga tahap pencairan 1 :4096 
semasa ujian mikropresipitin. Pada ujian DAS-E LI SA, dengan 
menggunakan sap daripada tanaman berpenyakit, sensitifiti 'coating 
immunoglobulin' adalah 1 :  1 ,000 pencairan, manakala enzim konjugat pula 
pada pencairan 1 :500. Immunoglobulin bertindakbalas spesifik terhadap 
isolat CTV dan tidak menunjukkan reaksi tidak spesifik terhadap sampel 
sap sihat. Kesederhanan kaedah penulenan dalam kajian in i  
menjadikannya dapat diterima dari segi ekonomi dan teknikal kerana 
antigennya dapat disediakan pada keadaan peralatan dan bahan kimia 
minimum. Kajian ini merupakan kajian pertama yang melaporkan 
penghasilan antiserum daripada telur ayam yang belum sempuma, yang 
dihasilkan daripada viral CP menggunakan isolat CTV setempat dari 
Semenanjung Malaysia. 
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CHAPTER 1 
INTRODUCTION 
1 .1 Economic Importance of Citrus 
Citrus is one of the most important fruit crops grown i n  all 
continents of the world .  It contributes to the nourishment and refreshment 
of the people. Citrus products and by-products provide the basis for local 
agricultural industries, generate employment, raise income and, in many 
cases, constitute an important source of foreign revenue to developing and 
developed countries. Citrus production developed significantly during the 
last decade. From 1 985 to 1 995 world production increased at 
approximately 66 % from 47.8'Mt to 79.3  Mt. Oranges occupy the major 
part of the market, fol lowed successively by mandarins, lemons, pomelos 
and other types (Table 1 . 1 ) . 
Table 1 . 1 :  Trend of citrus production from 1 985 to 1 995. 
Citrus Types 
Oranges 
Mandarins 
Lemons 
Pomelos and Grapes 
Total 
Source: FAD (1 996) 
MT: Metric tones 
Production campaigns 
1 985- 1 986 1 995-1 996 
MT % MT % 
3 1 . 0  
7.9 
4.3 
4.0 
47.8 
65.7 
1 6.7 
9. 1 
8.5 
1 00.0 
58.4 
8.8 
6 .9 
5.2 
79.3  
73.0 
1 1 .0 
8 .0 
8 .0 
1 00 .0  
1 . 1  
In Malaysia citrus has been cultivated since late 1 9th century and it 
was reported to be an econom ically viable plantation crop in the 1 920's 
(Bunting, 1 929). In the 1 960's, citrus cultivation was popular among small 
land holders but diseases and pests caused a decline resulting in many 
growers abandoning their citrus plantings. Thus, citrus production 
decreased from 3670 ha in 1 970 to 2487 ha in 1 985. In 1 995, the area 
cultivated throughout Peninsular Malaysia surpassed that of 1 975 with 
4291 ha planted with citrus. Out of these 1 820 ha were planted with 
pomelo, 1 295 ha with mandarins and the remaining 1 176 ha consisting 
mainly of varieties of indigenous types such as sweet orange, limes and 
citrons (Table 1 .2). With the increasing population, it is projected that 
Malaysia would need at least 1 2,500 ha of citrus to satisfy local demand 
(Ko, 1 996). 
Among commercial citrus varieties grown, oranges (Citrus sinensis 
L. Osb.) , tangerines (G. sinensis x G. reticulata.), mandarins (C. reticulata 
Blanco), lemons (C. limon L. Burmf.) ,  l imes (C. aurantifolia Christm. 
Swing. ), pomelos (G. grandis L. OS8. ), and grapefruits (C. paradisi Macf. ) 
are widely grown. Even though grapefruit was probably among the earliest 
citrus type introduced by the Department of Agriculture (Hawson, 1 958) , 
pomelos and especially mandarins were the most popular variety cultivated 
commercially. Limau Langkat (Citrus suhujensis Hort. ex Tan) , known 
locally as the popular loose peel citrus, can produce yields of up to 35 
tones/halyr. yielding a gross income of RM 52,000. The recent introduction 
1 .2 
